###### Summary box

What is already known about this subject?
=========================================

1.  The occurrence of inflammatory bowel disease (IBD) and hypospadias, respectively, has been concurrently increasing in most industrialised countries.

2.  IBD and hypospadias may share environmental risk factors, and furthermore, maternal IBD may disturb the normal development of the fetal reproductive tract.

3.  The association between maternal IBD and hypospadias in male offspring is poorly examined.

What are the new findings?
==========================

1.  This large population-based prevalence study examined the risk of hypospadias in male offspring of mothers with IBD.

2.  Among 966 038 boys, 4688 (0.5%) had a mother with an IBD diagnosis before the relevant childbirth. Of 1685 boys with maternal Crohn\'s disease, 15 were diagnosed with hypospadias (0.8%) and of 3003 boys with maternal ulcerative colitis, 21 were diagnosed with hypospadias (0.7%). Among the boys without maternal IBD, 6112 (0.6%) had a diagnosis of hypospadias.

3.  Our study did not provide convincing evidence for an association between maternal IBD and hypospadias in male offspring.

How might it impact on clinical practice in the foreseeable future?
===================================================================

1.  Our study adds to the knowledge of how IBD affects reproduction and provides reassuring results to patients with IBD.

Introduction {#s1}
============

Inflammatory bowel disease (IBD) refers to chronic inflammatory conditions of the intestinal tract including ulcerative colitis (UC) and Crohn\'s disease (CD).[@R1] In most industrialised countries, both the incidence and prevalence of IBD has been increasing over the past decades, with prevalence in Europe reaching 0.5% for UC and 0.3% for CD.[@R2] IBD often affects women in their reproductive years.[@R3] A study based on the EUROCAT database, a network of population-based registries for the epidemiological surveillance of congenital anomalies in Europe, showed that concurrently with IBD, the prevalence of hypospadias has also been increasing.[@R4] Hypospadias affects 0.3--0.8% of newborn boys[@R5] [@R6] and manifests in an abnormally placed urethral opening on the ventral side of the penis as a result of developmental aberration during gestational weeks 8--14.[@R7] [@R8]

The concurrent increase in IBD and hypospadias occurrence suggests shared environmental risk factors, for example, endocrine disrupting compounds like phthalates;[@R9] [@R10] however, the aetiology of hypospadias remains elusive.[@R7] Endocrine disrupting compounds may act as immune modulators and thus be involved in the development of IBD.[@R9] They are also associated with androgen downregulation, causing malformations of the male reproductive tract, including hypospadias.[@R11] [@R12] Furthermore, malnutrition during pregnancy among women with IBD may affect placental-fetal growth and development, ultimately leading to the development of hypospadias.[@R13] Finally, maternal IBD-related medical treatment and disease activity during pregnancy are associated with intrauterine growth restriction[@R16] and may thus also play a role in the development of hypospadias.[@R17]

Previous studies have examined risks of congenital malformations in children of mothers with IBD,[@R18] but, to the best of our knowledge, only two studies have reported estimates separately for hypospadias.[@R21] [@R22] No association was found in either of the two studies; however, estimates were very imprecise due to a limited number of cases. We conducted a large population-based prevalence study of the hypospadias risk in male offspring of mothers with IBD, using data from nationwide Danish registries.

Materials and methods {#s2}
=====================

We conducted this prevalence study using data linked from Danish population-based registries. The Danish National Health Service provides free tax-supported healthcare for the entire Danish population, including free access to general practitioners, hospitals and outpatient clinics, and partial reimbursement of prescribed medications.[@R23] We used the civil registration number, a unique personal identifier assigned to each Danish citizen at birth and residents at immigration, to link data from Danish administrative and medical databases.[@R24]

Study population {#s2a}
----------------

The study included all live-born boys during 1979--2009, identified through the Danish Medical Birth Registry (DMBR). The DMBR has recorded all births in Denmark since 1973 and includes data on both mother and child, such as their civil registration numbers, mother\'s age at delivery, parity and gestational age. The data are collected by midwives and doctors attending deliveries.[@R25]

Data on maternal IBD {#s2b}
--------------------

Data on maternal IBD were obtained from the Danish National Patient Register (DNPR). The DNPR was established in 1977 and has tracked all discharges from non-psychiatric hospitals since 1977. Reporting of emergency room and outpatient clinic contacts started in 1995 and diagnoses are coded according to the eighth revision of the International Classification of Diseases (ICD-8) until the end of 1993, and the 10th revision (ICD-10) thereafter.[@R26] Besides discharge diagnoses, the DNPR has also tracked surgical procedures. From 1977 to 1995, surgical procedures were coded according to the Danish classification of surgical procedures. Since 1996, they have been coded according to the Nordic Medico-Statistical Committee (NOMESCO) classification of surgical procedures.[@R27] We obtained information on maternal IBD diagnoses recorded before each boy\'s date of birth, defining IBD as a hospital diagnosis of CD or UC. Mothers diagnosed with both CD and UC were classified according to the latest diagnosis.

Data on hypospadias {#s2c}
-------------------

While severe cases of hypospadias are expected to be diagnosed at birth or shortly thereafter, less severe cases may be diagnosed years postnatally. We therefore defined the outcome as a discharge diagnosis of hypospadias and/or a surgical procedure for correction of hypospadias recorded in the DNPR any time after birth and until 31 December 2010. In Denmark, treatment for hypospadias is centralised and performed by hospital-based plastic surgeons or urologists in public hospitals.[@R28] Since private paediatric inpatient treatment is limited in Denmark, the DNPR comprises virtually complete data on all hospitalisations regarding hypospadias in Denmark.

Data on covariates {#s2d}
------------------

We included information on risk factors for hypospadias using, as appropriate, the DNPR, the DMBR and the Register of Medicinal Product Statistics (RMPS). The RMPS was initiated in 1994 and includes individual-level information on dispensations at all Danish outpatient pharmacies, including dispensation date, name and dose of drug and its Anatomical Therapeutic Chemical (ATC) code. From the DMBR, we included data on year of birth, birth order, mother\'s age at delivery and smoking during pregnancy (available from 1991 onwards). From the DNPR, we included data on maternal epilepsy, diabetes and preeclampsia diagnosed before or during the relevant childbirth. Finally, from the RMPS, we included data on maternal use of oral contraceptives (at least one dispensation within the past 3 months before the estimated conception date), antidiabetics, antiepileptics and ovulation-inducing drugs. For the latter three drugs, we considered maternal dispensations from 60 days before the estimated conception date until the day of delivery.

All diagnostic, procedure and ATC codes used in this study are provided in the online [supplementary appendix](http://bmjopengastro.bmj.com/doi/suppl/10.1136/bmjgast-2016-000121).

Statistical analysis {#s2e}
--------------------

We computed distributions of children\'s characteristics at birth according to maternal IBD status. Next, we calculated HRs with 95% CIs, as estimates of prevalence ratios (PRs), for the association between maternal IBD with the occurrence of hypospadias in male offspring, using Cox proportional hazards regression, and adjusting for year of birth, birth order, maternal age at delivery, maternal preeclampsia during pregnancy and maternal diabetes and epilepsy before delivery. We examined the PRs of hypospadias by maternal IBD overall and for maternal CD or UC separately. Offspring with no maternal history of IBD were the reference group. To examine if maternal IBD was associated with the severity of hypospadias, we also defined the outcome as a hypospadias diagnosis recorded within the first 6 months after birth. Finally, we repeated the analyses for children born in 1996--2009 which allowed for additional adjustment for maternal use of oral contraceptives, antidiabetics, antiepileptics, ovulation-inducing drugs and maternal smoking during pregnancy.

All analyses were carried out using SAS V.9.2 (SAS Institute, Cary, North Carolina, USA). Studies using data from Danish registries require no approval from an ethical committee or informed consent from patients. The study was approved by the Danish Data Protection Agency (record number 2013-41-1790).

Results {#s3}
=======

We identified 966 038 boys born in Denmark in 1979--2009, of whom 4688 (0.5%) had a mother with IBD, with CD accounting for 1685 (36%) of the IBD cases. Sons of mothers with IBD were more likely than those with mothers without IBD to have been born to older women and women using ovulation-inducing drugs. Maternal smoking during pregnancy was more prevalent among sons of mothers with CD than among sons of mothers with UC or without IBD ([table 1](#BMJGAST2016000121TB1){ref-type="table"}).

###### 

Characteristics of boys born in Denmark between 1979--2009 and 1996--2009 according to maternal IBD status, N=966 038

                                                            Maternal Crohn\'s disease (n=1685)   Maternal ulcerative colitis (n=3003)   No Maternal IBD (n=961 350)
  --------------------------------------------------------- ------------------------------------ -------------------------------------- -----------------------------
  Number of hypospadias                                                                                                                 
   Overall                                                  15 (0.9)                             21 (0.7)                               6112 (0.6)
   Diagnosed within the first 6 months after birth          9 (0.5)                              6 (0.2)                                3512 (0.4)
  Mother\'s age at delivery (years)                                                                                                     
   \<25                                                     206 (12.2)                           290 (9.7)                              198 295 (20.6)
   25--29                                                   618 (36.7)                           1035 (34.5)                            360 712 (37.5)
   ≥30                                                      861 (51.1)                           1678 (55.9)                            402 343 (41.9)
  Birth order                                                                                                                           
   1                                                        804 (47.7)                           1278 (42.6)                            432 383 (45.0)
   ≥2                                                       881 (52.3)                           1725 (57.4)                            528 967 (55.0)
  Maternal preeclampsia during pregnancy                                                                                                
   Yes                                                      55 (3.3)                             74 (2.5)                               28 364 (3.0)
  Maternal epilepsy during pregnancy                                                                                                    
   Yes                                                      17 (1.0)                             21 (0.7)                               7691 (0.8)
  Maternal diabetes during pregnancy                                                                                                    
   Yes                                                      13 (0.8)                             19 (0.6)                               4750 (0.5)
                                                            **(N=1311)**                         **(N=2034)**                           **(N=454 492)**
  Maternal smoking during pregnancy\*                                                                                                   
   No                                                       931 (71.0)                           1692 (83.2)                            350 728 (77.2)
   ≤10 cigarettes/day                                       229 (17.5)                           201 (10.1)                             65 301 (14.4)
   \>10 cigarettes/day                                      100 (7.6)                            55 (2.7)                               21 708 (4.8)
   Missing                                                  51 (3.9)                             81 (4.0)                               16 755 (3.7)
   Maternal use of oral contraceptives before pregnancy\*                                                                               
   Yes                                                      133 (10.1)                           202 (9.9)                              40 960 (9.0)
  Maternal use of ovulation-inducing drugs\*                                                                                            
   Yes                                                      107 (8.2)                            183 (9.0)                              27 333 (6.0)
  Maternal use of antidiabetics during pregnancy\*                                                                                      
   Yes                                                      9 (0.7)                              25 (1.2)                               4148 (0.9)
  Maternal use of antiepileptics during pregnancy\*                                                                                     
   Yes                                                      8 (0.6)                              9 (0.4)                                2229 (0.5)

\*Children born from 1996 onwards, N=457,837.

IBD, inflammatory bowel disease.

There were 36 (0.8%) boys with hypospadias among boys with maternal IBD. Of the 1685 boys with maternal CD, 15 were diagnosed with hypospadias (0.8%) as compared with 21 among 3003 boys with maternal UC (0.7%). Among the boys without maternal IBD, 6112 (0.6%) had a diagnosis of hypospadias. When comparing the boys according to maternal IBD status, the adjusted PR (aPR) for hypospadias was 1.20 (95% CI 0.86 to 1.67). The corresponding aPRs for CD and UC were 1.38 (95% CI 0.83 to 2.29) and 1.10 (95% CI 0.71 to 1.68). In the analysis restricted to boys with hypospadias diagnosed within the first 6 months postnatally, we identified 15 (0.4%) with hypospadias among those with maternal IBD and 3512 (0.3%) among those without maternal IBD. PRs in the restricted analysis were essentially similar to those in the overall analysis ([table 2](#BMJGAST2016000121TB2){ref-type="table"}).

###### 

Crude and adjusted prevalence ratios for hypospadias in boys in Denmark (1979--2009) according to maternal IBD status, N=966 038

                           Overall hypospadias                         Hypospadias recorded within 6 months after birth                         
  ----------------- ------ --------------------- --------------------- -------------------------------------------------- --------------------- ---------------------
  No maternal IBD   6112   1.00                  1.00                  3512                                               1.00                  1.00
  \+ Maternal IBD   36     1.33 (0.96 to 1.85)   1.20 (0.86 to 1.67)   15                                                 0.88 (0.53 to 1.45)   0.81 (0.49 to 1.34)
  \+ Maternal CD    15     1.60 (0.96 to 2.65)   1.38 (0.83 to 2.29)   9                                                  1.47 (0.76 to 2.82)   1.31 (0.68 to 2.52)
  \+ Maternal UC    21     1.19 (0.78 to 1.83)   1.10 (0.71 to 1.68)   6                                                  0.55 (0.25 to 1.22)   0.51 (0.23 to 1.14)

\*Adjustment: year of birth, maternal age at delivery, birth order, maternal preeclampsia, diabetes and epilepsy.

CD, Crohn\'s disease; IBD, inflammatory bowel disease; PR, prevalence ratios; UC, ulcerative colitis.

In analyses restricted to boys born in 1996--2009 (N=457 837) and with additional adjustment for relevant maternal use of drugs during pregnancy, estimates were slightly elevated compared to those of the main analyses with an aPR of 1.41 (95% CI 0.99 to 2.01) for maternal IBD. When restricting this analysis to boys with hypospadias diagnosed within the first 6 months postnatally, the aPR was 1.04 (95% CI 0.63 to 1.73) ([table 3](#BMJGAST2016000121TB3){ref-type="table"}).

###### 

Crude and adjusted prevalence ratios for hypospadias in boys in Denmark (1996--2009) according to maternal IBD status, N=457 837

                           Overall hypospadias                         Hypospadias recorded within 6 months after birth                           
  ----------------- ------ --------------------- --------------------- -------------------------------------------------- ----------------------- ---------------------
  No maternal IBD   2930   1.00                  1.00                  1881                                               1.00                    1.00
  \+ Maternal IBD   31     1.47 (1.03 to 2.09)   1.41 (0.99 to 2.01)   15                                                 1\. 09 (0.66 to 1.81)   1.04 (0.63 to 1.73)
  \+ Maternal CD    14     1.69 (1.00 to 2.86)   1.63 (0.96 to 2.76)   9                                                  1.66 (0.86 to 3.20)     1.59 (0.83 to 3.07)
  \+ Maternal UC    17     1.32 (0.82 to 2.12)   1.27 (0.79 to 2.04)   6                                                  0.71 (0.32 to 1.59)     0.69 (0.31 to 1.53)

\*Adjustment: year of birth, maternal age at delivery, birth order, maternal preeclampsia, diabetes and epilepsy, maternal smoking during pregnancy, maternal use of contraceptives within 3 months before or during conception, in vitro fertilisation drugs, antiepileptics and antidiabetics during pregnancy.

CD, Crohn\'s disease; IBD, inflammatory bowel disease; PR, prevalence ratios; UC, ulcerative colitis.

Discussion {#s4}
==========

In this large population-based nationwide study, including 966 038 boys, we found no convincing evidence for an association between maternal IBD and hypospadias.

Only two previous studies have examined the association between maternal IBD and hypospadias risk in boys.[@R21] [@R22] In a population-based case--control study from Hungary based on 3038 boys with hypospadias, 7 of whom were of mothers with UC, the adjusted OR for hypospadias and maternal UC was 1.0 (95% CI 0.5 to 2.1).[@R22] A population-based prevalence study combining Danish and Swedish data included 2377 women with a hospital diagnosis of CD, of whom two gave birth to a son with hypospadias and 869 202 women without a diagnosis of CD (number of sons with hypospadias not reported). The authors reported an adjusted OR of 0.52 (95% CI 0.13 to 2.09) for the association between maternal CD and hypospadias in boys.[@R21] Although IBD and hypospadias may share environmental risk factors,[@R9] [@R10] our results do not support the existence of a pathway from mother to son.

The strengths of our study include the population-based design within a universal healthcare system with complete hospital history and no loss to follow-up. Data on maternal IBD and hypospadias were collected independently, reducing the risk of diagnostic bias. Also, our analyses were adjusted for several important risk factors for hypospadias.

There are a number of challenges when examining potential causes of hypospadias through observational research, and therefore our study also has limitations. The limited number of hypospadias outcomes did not allow us to examine if hypospadias may be associated with maternal disease activity and/or medical treatment during pregnancy. We adjusted the analyses for several hypospadias risk factors including maternal age at delivery, preeclampsia and, in subanalyses, also maternal use of antiepileptics during pregnancy, but we cannot rule out unknown and unmeasured confounding. Still, a confounder would have to be protective for hypospadias to explain a null result, which we find unlikely. Finally, some misclassification of IBD and hypospadias diagnoses may have occurred. However, the registration of birth defects in the DNPR has acceptable validity for research with a positive predictive value (PPV) of 88% for congenital abnormalities overall.[@R29] Also, a previous Danish study only found three misclassified cases in a record review of 43 boys with hypospadias.[@R30] The DNPR also has acceptable validity for IBD diagnosis with PPVs of recorded diagnoses, compared with pathology data and clinical criteria in medical records of 97% for CD and 90% for UC.[@R31] Any potential misclassification is likely to be non-differential and could have biased the results towards the null.

In conclusion, adding to the existing evidence, this nationwide study did not provide convincing evidence that maternal IBD increases the risk of hypospadias.
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